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Abstract 
Image inpainting technique has been widely used for restoring damaged old photographs and removing unwanted 
objects from images. Now many inpainting algorithms are introduced because of better filling results. However, there 
always exists a shortcoming, i.e. long filling time. In this paper a new method is presented based on TV model. By a 
large amount of experiment research, the running result with shorter time is achieved. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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Introduction 
Image inpainting is an ancient art. In renaissance of Europe, people have repaired the cracks of the 
work of fine art. They can resume the damaged portions of a work of fine art and keep it whole by this 
way. Followed by development of computer technology, digital image inpainting was introduced into the 
field of image inpainting by Bertalmio[1]. Image inpainting is to fill in the image information on a blank 
domain based on the information available outside. In order to make it more legible, essentially, it is an 
interpolation problem. It has been widely applied in restoring scratched old photos and old movies, text 
removal from images, digital zooming and especial effects in movies now it is also applied in add or 
remove object in photos. 
The area with missing parts is called the inpainting region and it should be filled with structure (edges) 
and texture information of the image remains coherent. In this paper, an inpainting area must be informed 
by the user, meaning that the selection of the area that will fill the image is done automatically. 
The next section of this paper presents related work. SectionIII provides some basic ideal about TV 
model and the state of the art in the area of image inpainting. Section IV describes the proposed model 
based on TV model, and some experimental results are illustrated in SectionV. Finally, in SectionVI some 
conclusions are drawn. 
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Related work 
 In 2000 Bertalmio completed the inpainting region by applying a diffusion scheme based on partial 
differential equations (PDE) over the boundary of the area to be filled. The new algorithm called BSBC 
was proposed for  
removing large objects from digital images. The target regions were marked in color which is manual. It 
filled in 
the areas to be inpainted for three separate channels(R, G 
and B) by propagating information from the outside of the masked region along isophotes. 
Inspired by Bertalmio, Chan and Shen proposed two image inpainting algorithm [2, 3]. The Total 
Variational (TV) inpainting model [2] used a Euler_Lagrange equation. This model was designed for 
inpainting small regions and good for removing noise, which did not connect broken edges. The 
Curvature-Driven Diffusion (CDD) model [3] extended the TV algorithm to aim at realizing the 
Connectivity Principle. The CDD inpainting model, like the TV and BSBC models, is based on the PDE 
method. Therefore it is directly applicable only to non-texture images. 
 Igehy[4] integrated a composition step into texture synthesis algorithm, a smooth transition between 
real and synthetic grain may be realized. Texture synthesis can be considered useful in images which need 
replacing large areas with stochastic textures. However, it is useless for images that need replacing areas 
with structured texture. Criminisi et al.[5] presented a novel algorithm for removing large objects from 
digital photographs. Their approach employed an exemplar-based texture synthesis technique modulated 
by unified scheme for determining the filling order of the target region and it is time consuming. 
Some ideal about tv model 
As a PDE inpainting method, TV model is introduced as follows due to its simplicity in theory and its 
efficiency in computation and applications. 
Let D be an inpainting domain with piecewise smooth boundary , and E  be  any fixed closed 
domain in the complement CD , so that  lies in the interior of E D .We assume that 0
E
u  is 
contaminated by homogeneous white noise. The variational inpainting model is to find a function u on the 
extended inpainting domain E D , such that it minimizes an appropriate regularity functional: 
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Here, 
a r is an appropriate real function which is nonnegative for nonnegative inputs. 
b)  is the standard deviation of the white noise. 
    It is more convenient to solve the unconstrained TV inpainting problem 
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where  plays a role of the Lagrange multiplier for the constrained variational problem 1 and 2 . 
    The Euler-Lagrange equation for the energy functional J  is 
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for all ( , )z x y E D .Here the extended Lagrange multiplier e  is given by 
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The infinitesimal steepest descent equation for [ ]J u  is therefore given by 
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Exemplar-based texture synthesis technique is capable of propagating both linear structure and 2-D 
texture into the target region with a single, simple algorithm [5]. 
Let  be the region to be inpainted and  be its boundary. The structure of the area surrounding 
 is added via isophotes and filled with color via . Then texture is added. The purpose of inpainting 
is to restore the unity of the work. For the case of missing or damaged areas, one can only hope to 
produce a plausible rather than an exact reconstruction. 
A new image inpainting method based on tv model 
Because of time consuming, a new image inpainting method based on TV model is presented to 
further improve the result of TV model. 
Research is focused on color data since the missing blocks in the different channels need to be 
inpainted. First, the broken parts which pixel value is greater than 253 are found and the mask pixel value 
set to 255. The other pixel values of the mask image are set to zero.  
Then the three mask images are shown for three separate channels (R, G and B). The final mask 
image is added by the three mask images. The image inpainting method based on TV model is applied. 
Figure 1 is original image and Figure 2 shows the mask image. The number of iterations is set to1000. 
Experiments research 
The experiments are performed with 2.20GHz Intel Core 2 Duo T7500 CPU and 1GB of RAM. 
Experiment results are analyzed by carrying on simulated image and real image, also we compared the 
effectiveness of inpainting and time to inpainting both the TV model and the exemplar-based texture 
synthesis technique. 
Figure 3,4 and 5 show the results of image inpainting about simulated image. In figure 3, the object 
can not be connected by TV inpainting. In figure 4, exemplar which is selected can not always be the best. 
The three inpainting methods including TV, exemplar-based texture synthesis technique and the method 
presented are compared in Table 1. In the table we can see that the speed of exemplar-based texture 
synthesis technique is quicker than TV model in image inpainting. In this case, the TV model is not 
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suitable for connecting the object. If the regions to be inpainted are small, little iterations are necessary. If 
the missing regions are long and narrow, more iterations are needed, and this will require considerably 
more computational time. This model developed by the exemplar-based texture synthesis technique [5] 
can get good effect with much less time. The method presented based on TV model shows effective, 
shorter consuming time and good connecting results. 
Table 1 The comparision research of the three methods 
Model Time sec  
Masked 
pixels 
TV 813. 500000  12469 
Exemplar-based 57.844000  12469 
A new method presented 2. 562000 12469 
 
Figure 1 Original image 
 
Figure 2 Mask image 
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Figure 3  TV inpainting 
 
Figure4 Exemplar-based inpainting 
 
Figure 5 Restored image obtained with our method 
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Conclusions 
In this paper a new image inpainting method based on TV model is proposed. This method can solve 
longer running time in image inpainting of TV model. By comparison of some methods, the method 
presented shows advantages in inpainting time, object-connecting, and impaiting effect. Moreover, the 
future work can be considered about texture synthesis in the wavelet domain, which can repair lost 
coefficients.  
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